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This Letter presents evidence for the associated production of a W boson and a top quark using 
■ 2.05 fbr 1 of pp collision data at = 7 TeV accumulated with the ATLAS detector at the LHC. The 
analysis is based on the selection of the dileptonic final states with events featuring two isolated 
leptons, electron or muon, with significant transverse missing momentum and at least one jet. An 
approach based on boosted decision trees has been developed to improve the discrimination of single 
top-quark Wt events from background. A template fit to the final classifier distributions is performed 
to determine the cross-section. The result is incompatible with the background-only hypothesis at 
the 3.3o- level, the expected sensitivity assuming the Standard Model production rate being 3.4cr. 
The corresponding cross-section is determined and found to be o~w t — 16.8 ± 2.9 (stat) ± 4.9 (syst) pb, 
in good agreement with the Standard Model expectation. From this result the CKM matrix element 
\Vtb\ - 1-03+° ^ is derived assuming that the Wt production through \V ts \ and \V td \ is small. 
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Abstract 

This letter presents evidence for the associated production of a W boson and a top quark using 2.05 ftr 1 of pp collision 
data at yfs — 7 TeV accumulated with the ATLAS detector at the LHC. The analysis is based on the selection of the 
dileptonic final states with events featuring two isolated leptons, electron or muon, with significant transverse missing 
momentum and at least one jet. An approach based on boosted decision trees has been developed to improve the 
discrimination of single top-quark Wt events from background. A template fit to the final classifier distributions is 
performed to determine the cross-section. The result is incompatible with the background-only hypothesis at the 
33(7 level, the expected sensitivity assuming the Standard Model production rate being 3.4<x. The corresponding 
cross-section is determined and found to be ov, = 16.8 + 2.9 (stat) + 4.9 (syst) pb, in good agreement with the 
Standard Model expectation. From this result the CKM matrix element \V,b\ = 1.03+qJq is derived assuming that the 
Wt production through | V„| and \ V,d\ is small. 
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1. Introduction 

The observation of single top-quark production was 
first reported by both DO [ 1 ] and CDF [2] experiments at 
the Tevatron. The observations by the two experiments 
are consistent with the Standard Model (SM) expecta- 
tion for single top-quark production resulting from two 
mechanisms, the f-channel and the s-channel, measured 
inclusively. The third SM single top-quark production 
mechanism, the associated production of a top quark 
and a W boson, has not been observed at the Tevatron. 

At the Large Hadron Collider (LHC), the electroweak 
production of single top-quarks represents about half 
of the ff-pair production cross-section. First measure- 
ments of the single top-quark production [3, 4] have 
been obtained in the f-channel at a centre-of-mass en- 
ergy of 7 TeV, and show good agreement with the SM 
expectation. The associated production of a top quark 
and a W boson involves the interaction of a gluon and 
a fe-quark emitting an on-shell W boson, as shown in 
the Feynman diagrams in Figure 1. The final state 
thus contains two W bosons and an additional quark 
from the top quark decay, normally a fr-quark. Next- 
to-leading-order Wt Feynman diagrams including a sec- 
ond b-quark may interfere with ff-pair production. The 
interference should be small in the reconstructed exclu- 
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sive final state with only one quark, where the largest 
fraction of Wt signal is expected. In this analysis, the 
Wt leading-order approximation is used, and the differ- 
ence between leading-order and next-to-leading-order 
Wt calculation is considered as modelling uncertainty. 
Because of the massive particles in the final state, this 
production mechanism has an extremely low rate at 
the Tevatron compared to f-channel, but is expected to 
have a much higher cross-section at the LHC, where the 
available partonic energy and the gluon flux are larger. 
For proton-proton collisions at 7 TeV, the single top- 
quark Wf-channel production cross-section is estimated 
to be 15.7+1.1 pb [5] for a top quark mass of 172.5 GeV. 




Figure 1 : Leading-order Feynman diagrams for associated production 
of a single top-quark and a W boson. 

Since the three modes of single top-quark produc- 
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tion are sensitive to different manifestations of physics 
beyond the SM, measurements of the individual cross- 
sections are complementary to each other and allow 
some sources of new phenomena to be disentangled. 
The production mode with both a W boson and a top 
quark in the final state has the special feature that both 
particles can be identified. Thus, the measurement of 
the corresponding cross-section can be sensitive to new 
phenomena which modify the W-t-b interaction, but in- 
sensitive to flavour-changing neutral currents (FCNCs) 
or new particles such as W , t' and techni-pions [6]. The 
measurement of the single top-quark Wf-channel pro- 
duction cross-sections therefore serves as a direct probe 
of the W-t-b coupling and allows the direct determina- 
tion of the quark-mixing matrix element \V t b\ [7, 8]. This 
result can be compared to the results obtained from t- 
and i-channel production measurements. 

In this Letter, an analysis is presented that estab- 
lishes evidence for the associated production of a top 
quark and a W boson in the dilepton channel, with 
pp — » Wt — > tvbtv, where ( — e,fi. Events featuring 
two leptons and neutrinos from W boson decays and an 
additional jet originating from the top quark decay, are 
selected and analysed. The corresponding cross-section 
is extracted and the magnitude of the CKM matrix el- 
ement \V,b\ is derived. Comparison is made with the 
Tevatron average and ATLAS measurements. 

2. Data and Monte Carlo simulation 

The present analysis uses LHC proton-proton colli- 
sion data at a centre-of-mass energy of 7 TeV collected 
between March and July 2011 with the ATLAS detec- 
tor [9], which is composed of inner tracking detectors 
in a 2 tesla magnetic field surrounded by calorimeters 
and a muon spectrometer. The selected events were 
recorded based on single-electron or single-muon trig- 
gers. Detector and data-quality requirements are ap- 
plied offline, resulting in a data set corresponding to an 
integrated luminosity of 2.05 + 0.08 ftr 1 [10, 11]. 

In the following, all Monte Carlo (MC) simula- 
tions of top-quark related processes assume a top- 
quark mass of 172.5 GeV, and a width of 1.3 GeV, 
consistent with the world average value [12]. Sam- 
ples of simulated events for single top-quark processes 
are produced with AcerMC version 3.7 [13] coupled 
with the MRST2007 [14] parton distribution func- 
tions (PDFs). The ff-pair processes are generated us- 
ing MC@NLO version 3.41 [15], interfaced with the 
CTEQ6.6 PDFs set [16]. All top quark samples are 
normalised using next-to-next-to-leading order (NNLO) 
cross-sections [5, 17, 18, 19]. Gauge boson (W/Z) 



production in association with jets is simulated using 
the leading-order generator ALPGEN version 2.13 [20], 
coupled with CTEQ6L1 PDFs [21]. The diboson pro- 
cesses WW, WZ and ZZ are generated using ALP- 
GEN version 2.13 with MRST2007 PDFs. In all 
cases, HERWIG [22] is used for the showering and is 
linked to the underlying event model in JIMMY version 
4.31 [23]. After the event generation, all samples are 
passed through the full simulation of the ATLAS detec- 
tor [24] based on GEANT4 [25] and are reconstructed 
using the same procedure as collision data. The simula- 
tion includes the effect of a variable number of proton- 
proton collisions per bunch crossing and is weighted to 
reproduce the same distribution of the number of colli- 
sions per bunch crossing as observed in data. The aver- 
age number of interactions per bunch crossing is 6.2 in 
this data set. 

3. Event reconstruction and selection 

A set of general-purpose event-quality require- 
ments [26] are applied to the data. Events are selected if 
they contain at least one primary vertex candidate with 
a minimum of five associated tracks, each reconstructed 
with transverse momentum (pj) above 400 MeV. Events 
must not contain any jet, with pj (calculated with the 
electromagnetic response for jets) greater than 20 GeV, 
arising from out-of-time energy depositions or from real 
energy depositions with a hardware or calibration prob- 
lem. 

Electron candidates are reconstructed using a cluster- 
based algorithm [27] and are required to have transverse 
energy Ej > 25 GeV and \rj\ < 2.47, where tj denotes 
the pseudorapidity 1 . Events with electrons falling in 
the calorimeter barrel-endcap transition region, corre- 
sponding to 1.37 < I77I < 1.52, are rejected. Candi- 
dates must satisfy a set of quality criteria, referred to 
as either "loose" or "tight" criteria [27], which for the 
latter, includes additional stringent requirements on the 
matching between the electron track candidate and the 
cluster. Isolation criteria require that the sum of the 
calorimeter transverse energy within a cone of radius 
AR - ^(Arj) 2 + (A0) 2 = 0.3 around the electron direc- 
tion (excluding the cells associated with the electron) 



1 ATLAS uses a right-handed coordinate system with its origin at 
the nominal interaction point (IP) in the centre of the detector and 
the j-axis along the beam pipe. The x-axis points from the IP to the 
centre of the LHC ring, and the y-axis points upwards. Cylindrical 
coordinates (r, <f>) are used in the transverse plane, (j> is the azimuthal 
angle around the beam pipe. The pseudorapidity is defined in terms 
of the polar angle 9 as 17 = - ln(tan 8/2). 
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must be less than 15% of the electron transverse energy. 
In addition, the sum of the pj of all tracks within the 
same cone radius around the electron direction, exclud- 
ing the track belonging to the electron, must be less than 
10% of the electron Ej. 

Muon candidates are reconstructed by combining 
track segments found in the inner detector and in the 
muon spectrometer, and are required to have pi > 
25 GeV and \rj\ < 2.5. Selected muons must addition- 
ally satisfy a series of cuts on the number of hits on the 
track in the various tracking sub-detectors, referred to as 
"tight" quality criteria [28]. The isolation requirements 
are the same as those for electrons. In order to reject 
events in which a muon emitting a hard photon is also 
reconstructed as an electron, events are vetoed when a 
selected electron-muon pair shares the same inner de- 
tector track. 

Hadronic jets are reconstructed from calorimeter 
clusters [29] using the anti-A:, algorithm [30] with a ra- 
dius parameter R = 0.4. To take into account the differ- 
ences in calorimeter response to electrons and hadrons, 
a pj- and ^/-dependent scale factor is applied to each 
jet in order to make an average energy scale correc- 
tion [31]. Jets are required to have Ej > 30 GeV and 
\rj\ < 2.5. Jets overlapping with selected electron candi- 
dates within AR < 0.2 are removed, keeping the electron 
candidate. The missing transverse momentum £ f ™ ss is 
calculated using the clusters identified in the calorime- 
ter that are calibrated according to the associated recon- 
structed high-px objects. Taking also into account the 
energy clusters not associated to any high-/?x objects, 
projections of this vectorial sum in the transverse plane, 
correspond to the negative of the E'™ ss components. The 
missing transverse momentum is also corrected for the 
presence of electrons, muons, and jets [32]. 

A dilepton event preselection classifies the events ac- 
cording to exclusive ee, ep and pp categories. The fol- 
lowing event selections are common to all three ee, pp 
and ep channels. Candidate events must contain two 
"tight" opposite-sign leptons. Events having any ad- 
ditional isolated leptons with pj greater than 25 GeV 
are vetoed in order to ensure the orthogonality of the 
ee, ep and pp categories and suppress diboson back- 
grounds. Since the signal signature contains a single 
high-px quark from top quark decay, only events with 
at least one jet are selected. However, no fo-tagging re- 
quirements are applied as they do not offer significant 
rejection over the primary background originating from 
ff-pair events. As signal events also feature neutrinos 
from the leptonic decays of W bosons, the magnitude 
of the missing transverse momentum of the event is re- 
quired to be greater than 50 GeV. 



In the ee and pp channels, the invariant mass of the 
lepton pair ma is required to satisfy mu < 8 1 GeV or 
ma > 101 GeV in order to reduce the contamination 
from Z boson decays. In all three channels, the Z — > tt 
background is reduced by applying a selection on the 
sum of the two angles in the transverse plane between 
each lepton and the missing transverse momentum di- 
rection: 

A^CA,^™ 58 ) + A(f>(( 2 , E™ ss ) > 2.5 . 

The application of this cut results in an expected rejec- 
tion of 95% of Z — > tt events, 30% of Z — > ee and 
Z — > pp events and 21% of ff-pair events, while keep- 
ing 87% of the expected signal rate. After the selection, 
signal is expected mainly in events with exactly one jet. 
Events with at least two jets are expected to be domi- 
nated by background events and are used as control re- 
gions. 

4. Background estimation 

The main background originates from ff-pair produc- 
tion in the dilepton channel ff — > tvbtvb. The ff- 
pair background is estimated using MC simulation nor- 
malised to the NNLO cross-section [17, 18, 19], and the 
uncertainty is further constrained by the fit of data in 
2-jet and >3-jet bins. 

Diboson events, where initial state radiation produces 
a jet that passes the jet selection requirements, represent 
about 15% of the background in events selected with 
exactly one jet. 

Drell-Yan including Z w events can be selected if they 
contain an additional jet from gluon radiation. The con- 
tribution of the Drell-Yan process to the background in 
the ee and pp categories is determined via a data-driven 
procedure. In this method, orthogonal cuts on the re- 
constructed dilepton invariant mass ma and the missing 
transverse momentum E™ lss variables are used to de- 
fine a set of six regions, including two signal-enriched 
and four background-enriched regions for the ee final 
state or the pp final state. The contamination of the 
signal regions by Drell-Yan events is estimated from 
data which are scaled by the measured ratio of numbers 
of events selected in the corresponding control regions. 
This scale factor is corrected for the contamination by 
non-Drell-Yan backgrounds (top quark production, di- 
boson, W+jets) that are predicted by MC simulation and 
subtracted prior to its determination. Both the scale fac- 
tor and non-Drell-Yan background-specific normalisa- 
tion factors are determined using a likelihood fit of data 
in bins of E™ ,ss . Variations by ±lcr of these scale and 
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normalisation factors are used to estimate the system- 
atic uncertainty affecting the Drell-Yan event yield. The 
total uncertainty (statistical plus systematic) ranges be- 
tween 10% and 35% depending upon the jet multiplic- 
ity. Drell-Yan events contribute about 5% of selected 
events. 

Contamination of selected events by "fake dileptons" 
may occur if a lepton from real W/Z decay and an- 
other lepton from jet misidentification or heavy-flavour 
{b- and c-hadron) decays are selected, or both leptons 
from jet misidentification or heavy-flavour decays are 
selected, such as ff-pair lepton+jets final state, W+jets 
or multijet events. These backgrounds are difficult to 
model accurately, so a data-driven approach based on 
the matrix method [33] is followed. The method builds 
upon the use of "tight" and "loose" lepton selection cri- 
teria mentioned in Section 3. For these backgrounds, 
the efficiency for a "loose" lepton to be reconstructed 
as a "tight" lepton is determined using a data sample 
enriched in multijet events, where some of the lepton 
quality criteria have been reversed and the isolation re- 
quirement has been removed. The "loose" to "tight" 
efficiency for real leptons is measured from Z — » tt 
events using a tag-and-probe analysis technique. The 
composition of the selected dilepton sample is extracted 
by inverting a 4 x 4 matrix which relates the observed 
sample composition in terms of selected leptons of dif- 
ferent quality to its true composition in terms of real and 
"fake" leptons. The background originating from these 
events represents less than 1% of the selected sample. 
The corresponding systematic uncertainty is taken con- 
servatively at 100%. 

A data-driven technique has been used to check the 
MC prediction of the Z — > tt contamination. The 
selected sample is split into background- and signal- 
enriched regions, using the summed Acp between the 
leptons and the £*™ ss direction requirement, as defined 
in Section 3. The Z — > tt background in the signal 
region is extracted using the ratio of the correspond- 
ing MC estimates in both regions, scaled by the num- 
ber of selected data events from which non-Drell-Yan 
as well as Drell-Yan ee and jjjj backgrounds have been 
subtracted using MC. The difference between the purely 
MC-based expectations and this determination is in- 
cluded as a systematic error and results in an uncertainty 
of 60%. The Z — » tt events constitute less than 1% of 
the selected event sample. 

The jet multiplicity distribution is shown in Fig- 
ure 2(a) after the selection described in Section 3. Ta- 
ble 1 reports the expected signal, estimated backgrounds 
and total event yields in the 1-jet, 2-jet and >3-jet cat- 
egories, with ee, /u/u and ept channels combined. No 



contamination from f-channel or s-channel single top- 
quark events is expected in the dilepton final state. A to- 
tal of 224 signal events are expected over a background 
of 2840. The dominant ff-pair production accounts for 
75% of the background yield in 1-jet events. 
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Figure 2: (a) Number of jets with pj > 30 GeV and \t]\ < 2.5 after the 
selection; hatched bands show the jet energy scale (JES) uncertainty. 
The Wt signal is normalised to the theory prediction, (b) Distribution 
of BDT output for the signal (Wf-channel) and background (tt dibo- 
son, Drell-Yan and fake dileptons) in signal enriched 1-jet bin. The 
BDT method uses 2 statistically independent sets of MC-simulated 
events, indicated as training and testing samples, to check both signal 
and background BDT output stability. The BDT weight file is derived 
from a training sample and applied to a testing sample. 



5. Discriminating variables for Wt events 

After the event selection, the signal-to-background 
ratio is 18% in 1-jet events, where most of the sig- 
nal is expected. As no individual variable is found to 
carry a large discriminating power, the analysis strategy 
uses a multivariate approach based on the "boosted de- 
cision trees" (BDT) [34] technique in the framework of 
TMVA [35] to discriminate between the Wf-channel and 
ff-pair production. The BDT method benefits from the 
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1-jet 


2-jet 


> 3-jet 


Wt 


147 ± 13 


60 ±9 


17 ±5 


tt 


610+ 110 


1160 ± 140 


740 ± 130 


Diboson 


130 ±17 


47 ±5 


17 ±4 


Z — > ee 


20 + 2 


11 ±2 


5 + 2 




29 + 3 


28 + 3 


12 ±3 


Z — > TT 


9±6 


4±3 


2± 1 


Fake dileptons 


11 + 11 


5±5 


negl. 


Total bkgd. 


810 ± 120 


1260+ 140 


780+ 130 


Total expected 


960 ± 120 


1320 ± 140 


790+ 130 


Data observed 


934 


1300 


825 



Table 1 : Observed and expected event yield in the selected dilepton 
sample in the 1-jet, 2-jet and >3-jet bins for an integrated luminosity 
of 2.05 ftT 1 . The Wt, tt and diboson expectations are normalised to 
the theory predictions. Dilepton and lepton+jets channels are included 
in tt. Only leptonic decays of diboson events are considered. "Fake 
dileptons" are events with at least one fake lepton, as described in the 
text. Uncertainties are the sum of statistical and systematic sources 
added in quadrature. 



advantage of using the correlations between variables 
as part of the distinguishing power. The goal is to ex- 
ploit the differences between signal and background in 
many specific kinematic and topological distributions to 
form a classifier. This BDT classifier is trained using 1- 
jet events to maximise the expected significance without 
overtraining. BDT classifiers using the same input vari- 
ables are also formed for 2-jet events and events with at 
least 3 jets: while no significant signal yield is expected 
in these events, the BDT output distribution serves to 
constrain the background normalisation. 

Twenty-two variables with significant separation 
power are used as input to the BDT, all of which are 
well modelled by simulation. The two most powerful 
variables are pijT, defined as the magnitude of the vec- 
torial sum of pj of the leading jet, leptons and missing 
transverse momentum, and the ratio p^ / y/Hj + £ Ej, 
where Hj is the scalar sum of the two leptons and the 
leading jet transverse momenta, and £ Ej the scalar 
sum of the transverse energies of all energy deposits 
in the calorimeter. Other variables with lesser discrim- 
inating power are: the event centrality, the thrust and 
its associated pseudorapidity, the transverse momentum 
and pseudorapidity of the leading jet, the pseudorapidity 
of each lepton, the transverse momentum and pseudora- 
pidity of the system formed by the dilepton and the lead- 
ing jet, the invariant masses formed by each individual 
lepton with the leading jet, the missing transverse mo- 
mentum, the azimuthal angle between the dilepton sys- 
tem and the leading jet directions, the pseudorapidity 



difference between the dilepton system and the leading 
jet, and the minimal azimuthal angle between the two 
leptons and the leading jet. 

Figure 2(b) displays the BDT output probability den- 
sity functions for signal and background in 1-jet events. 
Several checks are performed to ensure that the input 
variables are well modelled in a large phase space: both 
background-enriched regions, defined by events with 
exactly two jets and with at least three jets, and re- 
gions where most of the signal events are expected. Fig- 
ures 3(a), 3(b) and 3(c) show the resulting good agree- 
ment of BDT outputs for data and MC simulation for 
1-jet events, 2-jet events and events with at least 3 jets, 
respectively. 

6. Cross-section determination 

In order to determine the cross-section, a template fit 
is performed to the three BDT output distributions for 
1-jet, 2-jet and >3-jet events. The determination of the 
Wf-channel single top-quark production yield is treated 
as a counting experiment in each bin and modelled using 
a likelihood function in terms of Poisson and Gaussian 
distributions: 

3 N bi „ N syst 

JX<rw„ d) = \ ~[p (N° h ;\N°y(dj) Y] G(a k \Q, 1) 
i=i j=\ *=i 

where the index i runs over the three jet multiplicity 
bins (1-jet, 2-jet and >3-jet), and j runs over all bins of 
the corresponding BDT output distribution. The vari- 
ables and Nf? s are summed over the three dilepton 
flavour combinations. The index k runs over the list of 
systematic uncertainty sources, which are presented be- 
low. 

The likelihood function includes a Poisson term 
9 (Nf* s \N??(cS)) in the observed number of events Nff 
with the expectation value iV** p defined as the sum of 
the expected contributions from signal and all MC- or 
data-driven backgrounds in bin j for the jet multiplicity 
bin i. Systematic uncertainties are grouped in uncorre- 
lated sets (k) and their effect is parameterised for each 
k using a nuisance parameter or*, where or* = maps 
to the nominal value and or* = +1 map to +lcr shifts 
of the parameter. Piecewise-linear interpolation is used 
to propagate the effect of the or* to the signal and back- 
ground yields. A Gaussian shape G{ak -|0, 1) centred at 
zero with unit width is used for the or* constraint terms 
in the likelihood. 

The contributions to the uncertainty on the fitted Wt- 
channel cross-section are shown in Table 2 and further 
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Figure 3: BDT output for selected events in (a) 1 -jet, (b) 2-jet and (c) 
>3-jet categories. The Wt signal is normalised to the theory prediction 
in all three categories. 



described below. The main experimental source of sys- 
tematic uncertainties comes from the knowledge of the 
jet energy scale (JES), which carries an uncertainty of 
2% to 7% parameterised as a function of jet pj and 
rj [31]. The presence of a b-jet in the event is also taken 
into account and an extra uncertainty of 2% to 5% de- 
pending on jet pj is added in quadrature to the non-fr- 
jet uncertainty. Other experimental uncertainty sources 
which have been considered are the jet energy resolu- 
tion, the jet reconstruction efficiency, the lepton identi- 
fication efficiency, the lepton energy scale determination 
and resolution as well as the multiple proton-proton col- 
lision and underlying event modelling. The uncertainty 
in the luminosity determination is 3.7% [10, 11]. 

Uncertainties in the simulation include the effects 
of the MC generator choice, the scheme used in the 
hadronisation and showering and models of the initial 
and final state radiation (ISR/FSR). Generator choice 
uncertainty is estimated by comparing AcerMC with 
MC@NLO generators for single top-quark Wt events, 
and comparing POWHEG with MC@NLO generators 
for top quark pair events. Hadronisation and shower- 
ing effects are estimated using the differences seen in 
generated events interfaced with either PYTHIA [36] 
or HERWIG. Finally, ISR/FSR modelling effects are 
assessed on MC signal and background samples inter- 
faced with PYTHIA. Specific tunes are used to sep- 
arately vary ISR and FSR modelling via changes to 
1 /Aq^ d , the maximum parton virtuality in a space-like 
parton shower, the Aq^ scale and the FSR infrared cut- 
off [37]. 

The impacts on both acceptance and kinematic distri- 
butions shapes are considered for the experimental and 
simulation uncertainties. 

Remaining theoretical uncertainty sources include 
the cross-section normalisation for the ff-pair back- 
ground C[o%) [17, 18, 19] and diboson production 
(+5%) [33], as well as the choice of the parton distri- 
bution functions. For the latter, acceptance variations 
have been assessed using the CTEQ [21], MRST [38] 
and NNPDF [39] sets. 

The cross-section is obtained by maximising the like- 
lihood function using RooFit [40]. The total uncertainty 
is inferred from the shape of the profile likelihood ra- 
tio [41]: 
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where a and &wt are the parameters that maximise the 
likelihood with the constraint of &wt > 0, and da- Wl are 
the nuisance parameter values that maximise the likeli- 



6 



hood for a given a- Wt . The maximisation is performed 
by varying all the nuisance parameters, except the sys- 
tematic uncertainties due to the generator and the par- 
ton shower whose effects are estimated separately using 
pseudo-experiments. 

The inclusion of 2-jet and >3-jet events in the fit 
brings additional constraints on the effect of systematic 
uncertainties, as jet energy scale and resolution effects 
as well as ISR/FSR modelling directly affect the jet mul- 
tiplicity distributions and the BDT outputs. These ef- 
fects have been evaluated by varying the correspond- 
ing nuisance parameter central values in the fit to the 
data. The studies show that the fitted result for the cross- 
section is not biased by the models used to describe the 
JES and ISR/FSR uncertainties. 



Source 


Acr Wl /cr Wl [%] 




observed 


expected 


Data statistics 


17 


17 


MC statistics 


<5 


< 5 


Lepton energy scale/res. 


<5 


< 5 


Lepton efficiencies 


7 


6 


Jet energy scale 


16 


14 


Jet energy resolution 


<5 


< 5 


Jet reconstruction eff. 


<5 


< 5 


Generator 


10 


12 


Parton shower 


15 


14 


ISR/FSR 


5 


6 


PDF 


<5 


6 


Pile-up 


10 


7 


it cross-section 


6 


6 


Diboson cross-section 


6 


5 


Drell-Yan estimate 


<5 


< 5 


Fake dileptons estimate 


<5 


< 5 


Z — > rr estimate 


<5 


< 5 


Luminosity 


7 


7 


All systematics 


29 


29 


Total 


34 


33 



Table 2: Contributions to the uncertainty on the W(-channel cross- 
section. The expected results assume the SM cross-section for the 
signal. 



The fitted result for the Wt cross-section at 7 TeV is: 

cr w , = 16.8 + 2.9 (stat) + 4.9 (syst) pb. 

In order to determine the sensitivity of the anal- 
ysis, an ensemble test is performed on pseudo- 
experiments. Systematic uncertainties are treated as 
nuisance parameters which are constrained using Gaus- 
sian functions. Both "background-only" and "sig- 



nal+background" (where the signal rate is predicted by 
the SM) hypotheses are tested via the generation of ded- 
icated sets of pseudo-experiments. The likelihood ratio 
defined as 

X(data \o*%, dUO 

LLR = -21n - m 

£(data|0, a ) 

is computed for each pseudo-experiment. It is used to 
derive the p-value, which measures the probability for 
the background to fluctuate above the observed or ex- 
pected number of events. This p-value is in turn in- 
terpreted in terms of significance and corresponds to a 
3.3cr effect for the data. The corresponding significance 
for the expected value assuming the SM cross-section 
corresponds to a 3.4<x effect. 

7. Determination of | Va I 

A direct determination of \V,i,\ can be extracted from 
the cross-section, assuming that the Wt production 
through \V ts \ and \V t d\ is small. The it background, 
which is the only background in the analysis that in- 
volves \V,b\ 2 , does not affect this determination since top 
quark decays to a fourth generation heavier quark is dis- 
favoured by kinematics. The observed \ V,i,\ 2 is obtained 
by dividing the measured cross-section by the theoreti- 
cal single top-quark cross-section calculated with a top 
quark mass of 172.5 GeV. Using cr*'; 017 = 15.7(±1.1) x 
|V//,| 2 pb [5], the following value is obtained for | V f &|: 

|V*| = 1.03!°;^, 

where the uncertainties in the cross-section measure- 
ment and in the theoretical predictions have been added 
in quadrature. This result is compatible with the com- 
bination of direct measurements at the Tevatron [42]: 
\V, b \ = 0.88+°$, and the measurement by ATLAS [3]: 

iVfti = i.i3^1* 

8. Conclusion 

Evidence for the production of single top-quark 
events in the Wf-channel is reported with 2.05 fbr 1 of 
data collected at 7 TeV with ATLAS during 201 1. The 
strategy followed consists of selecting dilepton events 
with at least one central jet. Drell-Yan and fake-dilepton 
backgrounds are estimated in data, while a classifier is 
used to optimise the discrimination of signal and tt- 
pair events. A fit of the classifier distributions is per- 
formed to extract the Wf-channel cross-section. The 
observed significance is 3.3 standard deviations for an 
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expected sensitivity of 3.4. The corresponding fitted 
cross-section is <r(pp — > Wt + X) = 16.8 ± 2.9 (stat) + 
4.9 (syst) pb. A direct determination of \V, b \ = 
is extracted assuming that the Wt production through 
\V ts \ and \V t d\ is small. 
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